 (Feigenbaum et al., 1972; Fortuin et al., 
Numerous authors have demonstrated a good correlation between the left ventricular (LV) volume calculated from the angiocardiogram and the cube of the left ventricular internal diameter obtained from a single linear ultrasonic measurement by M-scan (Feigenbaum et al., 1972; Fortuin et (Fortuin et al., I97I; Kreamer et al., I973; Ludbrook et al., 1973) , and as we are often confronted with such cases it was felt that some improvement in method was called for. We were reluctant to depart from ultrasound techniques with their non-invasive character and safety and so looked to an obvious extension of the one-dimensional M-scan measurement, namely to crosssectional cardiac ultrasonography by triggered Bscan (Gramiak and Waag, I973; Kikuchi, I968; King, I973; Nimura et al., I973; Tanaka et al., 197I) . The pilot study of King et 4 In receipt of a grant from the British Heart Foundation. useful in assessing left ventricular volume, also showed a rather poor correlation with biplane angiocardiographic data for large volumes. However, we felt that this technique had so many advantages over angiocardiography for assessing cardiac performance, that further refinement of King's approach to this problem seemed worthwhile. In this paper we compare the results of measuring left ventricular volumes by a modified triggered B-scan technique with the findings at left ventriculography.
Methods
To achieve two-dimensional echograms, a Picker Echoview IV Laminograph was used. A conventional B-scan, as used in obstetrics, is not satisfactory for scanning the heart, because the cardiac motion results in blurred images, in which echoes obtained in systole are superimposed on those obtained in diastole. Therefore, it was necessary for the machine to be modified by the manufacturers to generate ultrasound pulses for only a short time (I0 ms) within each cardiac cycle, the emission being actuated electronically, and triggered by the R wave of the electrocardiogram, which must be monitored simultaneously. A built-in delay control allows the emission burst, the gate, to be chosen at any preselected phase of the cardiac cycle. The timing of this short emission is shown as a time-marker line on a displayed electrocardiogram, as well as on a mital valve echogram (M-scan) obtained as a preliminry to the triggered Bscan (Fig. I) .
Triggered B-scans produce a true cross-sectional In practice, the examination may have to be repeated as the ideal orientation of the scanning plane has to be found by trial and error, and this may be a time-consuming procedure. Fig. 2 illustrates a typical triggered B-scan. It is convenient to present the scans in the orientation shown, as it reflects the anatomical configuration in the scanning plane as seen by the observer (Fig. 3) . The timing of the trigger pulse within the cardiac cycle is determined by mechanical, rather than electrical, events within the heart. We assume that end-diastole, the largest volume the ventricle achieves, occurs immediately before the mitral valve closes, and end-systole, the smallest volume the ventricle achieves, occurs immediately before the mitral valve opens. The emission of the short burst of ultrasound can be electronically adjusted in relation to the R wave trigger, to occur at these moments, identified on a previously recorded M-scan (Fig. I 
Subjects
The 20 adult patients in this study were all subjects undergoing left ventriculography for diagnostic purposes. The triggered B-scans (ultrasonograms) and the angiograms could not, of course, be recorded simultaneously, but were almost all performed within 24 hours of each other. Selection was solely on the basis of the patients having both a satisfactory B-scan and a ventriculogram suitable for volume measurements. A number of patients (about 20%) their ventriculograms or their ultrasonograms were unsuitable for measurement because of ectopic beats, atrial fibrillation, or inability to define all the requisite landmarks in the B-scan. The final diagnoses of the patients included in this study are listed in the Table. Results The left ventricular volumes derived from the ultrasonograms were plotted against the angiographic volumes at end-systole and end-diastole in Fig. 5 . The correlation coefficient, r, is o.88 (P < o.OOi) and the regression equation is given by y = o.76x + 32, with standard error of estimate, s = 57 ml. The correlation between the ejection fractions is shown in Fig. 6 ; r=o.8i (P<o.ooi) and the regression equation is given by y = o.66x + I3.2, with s = II.5 per cent.
Discussion
The comparison of our results with those of King et al. (I972) shows that similar accuracy is obtained for smaller volumes (< 250 ml). Though the scatter in our data becomes larger for larger volumes (up to 600 ml), the slope of the regression lne is maintained quite close to unity (the theoretically expected value) in contrast to that of King et al. Perfect correlation between angiographic and ultrasonic volumes is not to be expected. There is an essential difference between the angiographic and B-scan techniques; the former produces a projection image, whereas the latter gives a true crosssection. Clearly, the identical plane is not imaged in both cases but the oblique scanning plane gives a cross-sectional image similar to the chamber outline seen at right anterior oblique left ventriculography. The magnification factor for the angiograms was determined only by comparing the width of the catheter on the cine film with its known diameter, and the small scale of these measurements makes accuracy difficult. I970), or ventricular aneurysm, the projected and scanned images usually have a similar cross-sectional shape, suggesting that both techniques are subject to similar errors. In these cases and in ischaemic heart disease, which constitute approximately 6o per cent of our cases, the M-scan volume measurement is known to be unreliable (Fortuin et al., 1971; Kreamer et al., 1973; Ludbrook et al., I973 
